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ABSTRACT 



Aims. The aim of this work is to link the broad /15450 diffuse interstellar band (DIB) to a laboratory spectrum recorded through 
expanding acetylene plasma. 

Methods. Cavity ring-down direct absorption spectra and astronomical observations of HD 183 143 with the HERMES spectrograph 
on the Mercator Telescope in La Palma and the McKellar spectrograph on the DAO 1.2 m Telescope are compared. 
Results. In the 543-547 nm region a broad band is measured with a band maximum at 545 nm and FWHM of 1 .03(0. 1) nm coinciding 
with a well-known diffuse interstellar band at ,45450 with FWHM of 0.953 nm. 

Conclusions. A coincidence is found between the laboratory and the two independent observational studies obtained at higher spectral 
resolution. This result is important, as a match between a laboratory spectrum and a - potentially lifetime broadened - DIB is found. 
A series of additional experiments has been performed in order to unambiguously identify the laboratory carrier of this band. This has 
not been possible. The laboratory results, however, restrict the carrier to a molecular transient, consisting of carbon and hydrogen. 

Key words. Diffuse Interstellar Bands, DIBs, cavity ring-down spectroscopy, absorption spectroscopy 
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1. Introduction 

Diffuse interstellar bands are absorption features observed in 
starlight crossing diffuse interstellar clouds. Since their discov- 
ery in the beginning of the 20th century, scientists have been 
puzzled by the origin of these bands that appear both as rela- 
tively narrow^andrafliCT_bj2^ the UV/VIS and 
; MR dA. G. G. M. Tielens & T. P. Snowi [1995D . In the last de- 
cennia the idea has been established that it is unlikely that all 
these bands are due to one or a very few carriers and with the 
progress of optical laboratory techniques, several families of po- 
tential carriers have been investigated. It was shown that the 
electronic transitio ns of a ser i es of PAH-cations do not match 
the listed DIBs (Salama et al., [19961 [19991 [Hichignac &PmoL 
1999; Ruiterkamrj et al., 2002). Similarly, systematic laboratory 
studies of electronic spectra of carbon c hain radicals have not re- 
sulted in positive i d entifications either ( Motylewski et al.L [2000; 
iBall et all l2000at iJochnowitz & Maieii 12008). even though 
it is known from combined radio-astronomical and Fourier 
Transform Microwave (FTMW) stud ies that many of such 
speci es are present in dense clouds dThaddeus & McCarthvL 
1200 ll) . Only C3 has been recorded u nambiguously in diffuse in- 
terstellar clouds dMaier et all 1200 lb . Other studi es, focusing on 
multi -photon excitation in molecular hydrogen (Sorokinet al., 
1998), or spectra of fullerenes an d nano-tubes dKroto & Jural 
1992t iFoing & Ehrenfreunrj 11994) have been unsuccessful as 



well. In the past years, several coincidences between laboratory 



and astronomical DIB studies have been reported in the liter- 
ature. These have all turned out to be accidental, and from a 
statistical point of view, the chance of an overlap is also quite 
substantial, DIBs cover a major part of the wavelength region 
between roughly 350 and 1000 nm. However, there are a num- 
ber of conditions that have to be fulfilled before a coincidence 
of a laboratory and an astronomical DIB spectrum may be inter- 
preted as a real match. These conditions have become more and 
more strict with the recent improvement in achievable spectral 
resolution, both in laboratory and astronomical studies. 

The two most important DIB matching criteria to link 
laboratory and astronomical data are: 



1 . The gas phase laboratory and observational values of both 
peak position and bandwidth of the origin band transition 
should be identical, unless it can be argued that a spectral 
shift or band profile change may be due to an isotope or 
temperature effect. An example of the latter is given by 
spectroscopic measurements on benzene plasma yielding 
an absorption feature co i nciding with the st r onges t DIB 
at 442.9 nm dBall et all l2000bl lAraki et all [2004). The 
laboratory FWHM turned out to be narrower than in the 
astronomical spectrum. It was argued that the spectrum of 
a non-polar molecule cooled in a molecular expansion may 
be considerably colder than in space where only radiative 
cooling applies. A similar discussion has been given by 
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Fig. 1. The /15450 DIB. The top spectrum is a simulated spec- 
trum as available from DIB catalogues. The middle and bottom 
figure show observational spectra of the HERMES and McKellar 
spectrograph, respectively. The HERMES spectra show the 
/15450 DIB recorded toward HD 183143 and toward a refer- 
ence star (HD 164353). The McKellar spectra show a reference 
spectrum toward Rigel (top), the DIB spectrum also toward HD 
183143 (bottom) and the corresponding spectrum (middle) in 
which the SII stellar line has been deblended. 

(Motv lewski et all l2000h who showed that unresolved 
rotational profiles may change substantially for different 
temperatures, as has also been calculated and discussed by 
ICossart-Magos & Leachl dl990h . 

2. Once the origin band overlaps with a DIB feature, gas phase 
transitions to vibrationally excited levels in the electroni- 
cally excited state of the same carrier molecule should match 
as well and the resulting band profiles should behave in a 
similar way (i.e. with co mparable equivalent width ratios) 
(Mot vlewski et al.. 2000). A good example for this is the 
electronic spectrum of C7 that has been regarded for several 
years as a potential carr ier as subsequent electronic bands 
fulfill ed both conditions dTulei et all 119981; iKirkwood etafl 
1998). Detailed follow-up studie s showed that the se ries of 
(near) matches was coincidental dMcCall et all 12001 . 

In the end, and despite much progress both from the observa- 
tional and laboratory side, all efforts to assign DIBs have resulted 
in a rather static situation - triggering more and more exotic ex- 
planations for DIB carriers - and the origin of the DIBs is still 
as mysterious as it was nearly 100 years ago. 

In this letter we report a match of a laboratory spectrum 
with a diffuse interstellar band that is special as the first condi- 
tion is fulfilled for a rather broad and potentially lifetime broad- 
ened DIB, i.e. the laboratory and astronomical spectrum should 
be fully identical, independent of temperature restrictions. New 
astronomical observations obtained with the Mercator tele- 
scope, using the HERMES spectrograph and the Dominion 
Astrophysical Observatory (DOA) 1 .2 meter telescope, using the 
McKellar spectrograph are presented in order to characterize the 
band profile of the /15450 DIB with the best possible resolution. 
Even though we have not been able to unambiguously identify 
the laboratory carrier, that most likely is a smaller hydro-carbon 
bearing molecular transient, we think that this overlap is impor- 
tant to report, as it provides a new piece of the puzzle. 



2. Laboratory Experiments 

The e xperimental set-up has been described dLinnartz et all 
11998b iMotvlewski & Linnartl 1 1999b and has been extensively 
used to study a lar ge number of carbon chain radicals of astro- 
physical interest dJochnowitz & Maien. 120081) . The monochro- 
matic output ~ 0.1 cirT 1 at 540 nm (~ 18,500 cirT 1 ) of a pulsed 
dye laser based cavity ring-down setup is focused into an optical 
cavity consisting of two highly reflective mirrors (R > 0.9999). 
A special pulsed high pressure slit-nozzle system capable of pro- 
ducing intense 300 /is long plasma pulses by discharging (- 1 kV, 
100 mA) an expanding gas mixture of 1 % acetylene (C2H2) in 
He is mounted inside the cavity with its slit parallel to the op- 
tical axis of the cavity. In the expansion a large variety of new 
species is formed and as the technique is not mass selective, spe- 
cial care has to be taken when assigning bands to specific carri- 
ers. Mass selective matri x isolation spectra offer a g ood starting 
point for an assignment dJochnowitz & Maier. 2008). In the case 
of rotationally resolved spectra unambiguous identifications are 
generally possible, either by combination differences of accu- 
rate spectral fits, or by isotopic studies using C2D2 instead of 
C2H2 (or a mixture of C2H2/C2D2). The source runs at 30 Hz 
and special care is taken that the pressure inside the cavity re- 
mains constant during jet operation to reduce baseline fluctua- 
tions. Rotational temperatures are typically of the order of T ro , 
~ 10-20 K. This low temperature results in a spectral simplifi- 
cation and simultaneously increases the detection sensitivity be- 
cause of an improved state-density. In addition, the source offers 
a Doppler free environment with a relatively long effective ab- 
sorption path length. The laser beam intersects the 3 cm long pla- 
nar expansion about 5-10 mm downstream using a sophisticated 
trigger scheme. Subsequent ring-down events (typically 20-30 
fis for a 52 cm long cavity) are recorded as function of the laser 
frequency by a photo-diode and transferred to an averaged ring- 
down time by fitting 45 subsequent ring-down events. This value 
as function of the laser wavelength provides a sensitive way to 
record optical spectra. An absolute frequency calibration is ob- 
tained by recording an I2 reference spectrum simultaneously. 

3. Astronomical Observations 

The laboratory data are compared to observations from two dif- 
ferent astronomical facilities. 

3.1. HERMES @ Mercator Telescope 

The HERMES observations were carried out in service mode 
using the Mercator telescope at Roque de los Muchachos 
Observatory on La Palma. The 1.2 m telescope is operated 
by the Katholieke Universiteit in Leuven, Belgium, in col- 
laboration with the Observatory in Geneva, Switzerland. The 
spectra were obtained in June 2009 with HERMES (High 
Efficiency and Resolu ti on Mercator Echelle Spectrograph) 
(Raski n & Van WinckelL [2008), which is a fibre-fed-cross- 
dispersed spectrograph. The spectrograph has a fixed spectral 
format and samples the spectrum between 377 and 990 nm in 
55 spectral orders on a 4.6 k x 2 k CCD. The spectral reso- 
lution is slightly variable over the field, but is 85,000 on av- 
erage. We obtained 3 spectra of 1,200 s of HD 183143 (B7Ia, 
m(v)=6.92, B-V=+1.001), the DIB spectral standard with a red- 
dening E(B-V) close to 1.0. The reference star HD 164353 
(B5Ib, m(v)=3.97, B-V = -0.002) was sampled in 3 exposures 
of 1 min. The spectral reduction was performed using the specifi- 
cally coded HERMES pipeline and contains all standard steps in 
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spectral reduction. The wavelength calibration is based on spec- 
tra of ThAr and Ne lamps. As we are mostly interested in the 
broad absorption feature that is centred around 545 nm, we fo- 
cus further on this spectral region of HD 183143. The spectra 
are shown in Figure 1 (middle rows) and compared to the /15450 
DIB profile as available from a series of digital DIB catalogues 
(Herbia, 1975l:[j ennisken s~& DesertL ll994HTuairisg et al.Ll2000t 
Galazutdinov et al., 2000j) in the upper row. 

3.2. McKellar @ DAO Telescope 

Fifty-five half-hour spectra were taken with the McKellar 
Spectrograph and SITe-4 CCD at the DAO 1.2 m telescope, oper- 
ated by the National Research Council of Canada, over 6 nights 
between 16 and 23 July 2006 (UT) at a dispersion of 10. 1 A/mm 
giving 0. 15 1 A/pixel for a resolution ~ 0.3 A. The data were pro- 
cessed in a standard fashion using irafQ The aggregate spec- 
trum had a signal to noise of about 1200/pixel before correction 
of telluric lines. Removal of the quite weak telluric features was 
performed conventionally with spectra (S/N ~1600) of the AO V 
star zeta Aql (HD 177724) as the template. 

Rigel, an unreddened comparison star with a B8 la spectral 
type very similar to the B7 la of HD 183143, was also observed 
in order to identify photospheric lines which contaminate the 
interstellar features observed in the latter star. The sharp line at 
approximately 5454A arises from S II and was removed from 
the spectrum of HD 183143 by simply fitting a Voigt profile to 
the line and subtracting this from the original spectrum. The final 
"deblended" spectrum is plotted as a comparison in Fig. 1 (lower 
panel, middle spectrum). 



4. Results 

In Fig. 2 several spectra in the 543-547 nm region are compared. 
The top spectrum is the digital DIB spectrum of the /15450 DIB 
(lHerbigL[l975llJenniskens & DesertL 1 1994tlTuairisg et alll2000t 
Galazutdinov et al., 2000). The spectrum in the middle is a zoom 
in on the deblended McKellar spectrum as shown in Fig. 1. The 
bottom spectrum is the laboratory spectrum recorded in direct 
absorption through an expanding 1% C2H2/He plasma. The sim- 
ilarity between the three spectra is striking. 

This wavelength region was initially scanned to search for 
the l Yl u - X l l, g + electronic origin band spectrum of the linear 
carbon chain radical C7 (following the C^ DIB discussion) that 
was located in matrix isolation experiments around 542.3 nm. 
The laboratory spectrum, shown in Fig. 2, consists of many nar- 
row lines that are due to small acetylene fragments (typically C2 
and CH) that get weaker when the distance from the nozzle ori- 
fice to the optical axis is increased, but there is clearly a broad 
feature lying underneath. As this band shifts by 1 .5 nm to the red 
upon C2D2 precursor substitution, it initially was neglected, as 
for C7 both C2H2 and C2D2 should result in an identical spec- 
trum. The shift is illustrated in Fig. 3. In addition, the deuterated 
spectrum appears to be somewhat stronger. Despite this nega- 
tive result for C7 the profile hiding under the narrow lines in the 
C2H2 precursor experiment perfectly matches the /15450 DIB as 
available from the DIB databases, reason why additional obser- 
vations were performed. 



1 IRAF is distributed by the National Optical Astronomy 
Observatory, which is operated by the Association of Universities 
for Research in Astronomy (AURA) under cooperative agreement with 
the National Science Foundation. 
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Fig. 2. The top spectrum shows the digital /15450 DIB, the mid- 
dle spectrum shows the deblended McKellar data and the bot- 
tom spectrum shows the laboratory cavity ring-down absorption 
spectrum through a supersonically expanding acetylene plasma. 



543 544 545 546 547 




543 544 545 546 547 

Wavelength [nm] 



Fig. 3. Comparison between laboratory experiments sampling 
expanding plasma using regular acetylene (top) and deuterated 
acetylene (bottom) as a precursor gas. 



5. Discussion 

There is little discussion possible about the coincidence be- 
tween the recorded laboratory spectrum and the /15450 DIB. 
Both bands have a central peak position of 545 nm and a FWHM 
of 1.03 (0.1) nm (laboratory spectrum') and 0.953 nm (observa- 
tional spectrum) (Tuairi sg et al.L 120001) . The uncertainty in the 
first value is due to the overlap of the many individual transi- 
tions that prohibits a clear view on the broad feature. The ques- 
tion is more whether this actually represents a DIB match and 
for this complementary information is needed. Additional labo- 
ratory work has been performed, where it should be noted that 
scans as shown in Figs. 2 and 3 typically last 45 minutes to an 
hour, in order to achieve the required sensitivity and to cover a 
frequency domain large enough to discriminate band profile and 
base line, i.e. fast optimizations are not possible. The laboratory 
band does not show any structure that can be related to unre- 
solved P, Q and R-branches. With 1.03 (0.1) nm the band is also 
much broader than the unresolved rotational profile of a larger 
carbon chain radical. For comparison, at 15 K, the band profile 
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of the linear CeH radical (a t 525 nm) is about five times nar- 
rower (Linnartz et al., 1999). It should also be noted that such a 
broad feature actually represents a large absorption compared to 
many of the sharper DIBs. Changing the experimental settings to 
vary the final temperature in the expansion by measuring close 
(~ 50 K 'warm') and far (~ 10 K 'cold') downstream, does not 
substantially change the FWHM of the spectral contour. As the 
narrow overlapping transitions have FWHMs close to the laser 
bandwidth, experimental broadening artifacts such as residual 
Doppler broadening in the expansion or amplified spontaneous 
emission, can be excluded. It is clear that the band profile is due 
to a temperature independent and carrier specific broadening ef- 
fect, presumably life time broadening. The observed bandwidth 
of 1.0 nm (~ 35 cirT 1 around 545 nm) corresponds to a life- 
time of roughly 0.15 ps. The bandwidth profile does not allow 
concluding on the nature of the laboratory carrier. The carrier 
must be a transient species (a molecular radical, a cation or an- 
ion, a weakly bound radical complex, possibly charged, or a vi- 
brationally or electronically excited species) as no comparable 
spectra are recorded without plasma (i.e. with a regular C2H2/He 
expansion). The use of a C2D2/He expansion results in a red- 
shifted spectrum (Fig. 3) and from this it can be concluded that 
the laboratory carrier must contain both carbon and hydrogen. In 
order to check whether there are equivalent H-atoms in this car- 
rier a C2H2/C2D2 1 : 1 mixture in He has been used as an expan- 
sion gas, but this only results in a very broad absorption feature 
covering the whole region between results obtained from pure 
C2H2 and pure C2D2 expansio ns. It is not possible , as demon- 
strated for HC fi H + or HC 7 H (ISinclair et all [19991 iBall et all 
2000a; iKhoroshev et all l200l . to conclude on the actual num- 
ber of equivalent H-atoms in the carrier by determining the num- 
ber of bands that shows up. Also the use of another precursor 
(e.g. allene) did not provide conclusive information. 

Additional experiments have been performed. The 543-545 
nm region has been scanned using a two-photon REMPI-TOF 
experiment with the aim to determine the mass of the carrier 
dPino et all l200lh . No spectrum could be recorded, which may 
be related to the short lifetime of the excited state or with the 
fact that the carrier i s an ion. Ions are indeed formed in this pla- 
nar plasma source dWitkowicz et all [2004). Both smaller and 
larger species have been observed, with optimum production 
rates depending, among other things, on the backing pressure. 
The production of larger species is generally more critical, e.g. 
higher backing pressures are needed but this also may destabi- 
lize the plasma which is unfortunate, particularly during long 
scan procedures. More complex species are generally found fur- 
ther downstream, but in this specific case we did not observe 
large differences as function of the distance from the laser beam 
to the nozzle orifice. This is the typical behaviour for a smaller 
constituent in the gas expansion. We have tried to study system- 
atically the voltage dependence of the signal; for a positive ion 
an increase in voltage should go along with a decrease in signal 
for distances further downstream, as the jaws carry a negative 
voltage. For anions it is the opposite, but 10 years of experience 
with this source have shown that negative ions are rather hard 
to produce. Again, the changes we recorded were small and did 
not allow drawing hard conclusions. Following condition 2 men- 
tioned in the introduction, we have also searched in other wave- 
length regions blue shifted by values typical for an excited C-C, 
C=C, C=C or CH stretch in the upper electronic state. Such ex- 
cited bands have not been observed here, but it should be noted 
that these bands can be intrinsically weak. 
In summary, we are left with a laboratory spectrum that coin- 
cides both in band maximum and band width with a known DIB 



band at 545 nm. Our measurements show that the absorption 
spectrum of a transient molecule containing hydrogen and car- 
bon reproduces the astronomical spectrum. The profile can be 
explained with life time broadening and this is consistent with 
the observation that the laboratory and astronomical spectrum 
are identical, i.e. without temperature constraints. In addition, 
it explains why the large bandwidth of this DIB does not vary 
along different lines of sight. The large effective absorption also 
may be indicative for an abundant carrier. The exact carrier, as 
such, remains an open question. The present result, however, 
may be useful to stimulate upcoming DIB work. 
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